INTRODUCTION
Glutathione transferases are a group of enzymes that conjugate numerous carcinogenic, mutagenic, toxic and pharmacologically active compounds with glutathione [1] . There are at least ten cytosolic forms of this enzyme, all with broad and overlapping substrate specificity [2] , and at least one microsomal form (see [3] for a review).
We have studied the membrane-bound microsomal glutathione transferase with regard to substrate specificity, amino acid sequence and oligomeric structure [3, 4] , facilitating the cloning of the corresponding cDNA [5] . Our results establish that the membrane-bound enzyme is unique, both immunologically and structurally. This enzyme also has the unusual property of being activated as much as 20-fold by thiol-reactive reagents [6] . Our studies on the amino acid sequence ofmicrosomal glutathione transferase have shown that modification by thiol-reactive reagents occurs at the single cysteine residue, namely cysteine-49 [4] .
Early on we noted that microsomal glutathione transferase can also be activated by limited proteolysis with trypsin [7] . The present study describes the determination of the cleavage sites correlated with trypsin activation, the effects of certain other proteinases, the properties of the activated enzyme, and the relationship between activation by limited proteolysis and by a thiol-reactive reagent. These studies indicate that activation is accompanied by a conformational change of the enzyme.
MATERIALS AND METHODS Proteins
Microsomes and microsomal glutathione transferase were prepared from the livers of male Sprague-Dawley Abbreviations used: BSP, bromosulphophthalein; CDNB, l-chloro-2,4-dinitrobenzene. § To whom correspondence and reprint requests should be addressed.
Vol. 260 rats (180-200 g) as described [4] . Trypsin, lysine-specific proteinase (Boehringer, Mannheim, Germany), trypsin inhibitor and insoluble trypsin [tosylphenylalanylchloromethane ('TPCK')-treated] bound to agarose (Sigma Chemical Co., St. Louis, MO, U.S.A.) were from the sources indicated.
Trypsin activation
Aliquots of the purified enzyme (0.3-0.5 mg/ml) in 0.01 M-potassium phosphate (pH 8)/0.1 M-KCI/0.1 mm-EDTA/1 mM-GSH/0. 1-1 0 Triton X-100/20% (v/v) glycerol were incubated with trypsin (1 mg/ml) at room temperature for the times indicated. Reactions were stopped by the addition of a 2-fold excess of trypsin inhibitor and by transfer of the sample to an ice bath. Other additions were made in certain cases as described. Incubations with lysine-specific proteinase were identical, except that half as much proteinase (0.5 mg/ml) was used.
In the case of rat liver microsomes, fresh preparations (3 mg/ml) were incubated with trypsin (40,ag/ml) in 0.07 M-potassium phosphate (pH 7.6)/50 mM-sucrose at 25 'C. Controls received either no trypsin or a 3-fold excess of trypsin inhibitor before the addition of trypsin. Glutathione transferase activity This was assayed with 1-chloro-2,4-dinitrobenzene as the second substrate as described in [6, 8] . Activation with N-ethylmaleimide (2 mM) This was performied as described [6, 9] . SDS/polyacrylamide-ge! electrophoresis This was performed according to Laemmli [10] , except that the Tris/HCl concentration in the separation gel was doubled in order to improve resolution. The gels were stained with Coommassie Brilliant Blue R-250 and subsequently scanned with an LKB laser scanner with automatic integration. Amino acid sequence analysis Amino acid sequence analysis of the purified enzyme (0.25 mg/ml) after maximal activation with trypsin (trypsin bound to agarose; 500 packed gel in the same buffer as described above) was performed with a liquidphase sequencer after dialysis as described in [4] . Hydrazinolysis [11] was performed on aliquots containing 2.5 nmol of native enzyme or enzyme activated with insoluble trypsin. Protein This was determined by the method of Peterson [12] .
RESULTS
The gel-electrophoretic pattern observed with purified microsomal glutathione transferase treated with trypsin for different times is shown in Fig. 1 . Two fragments were seen, and on some gels a third, smaller, fragment was also visible (Fig. 2a) . The integrated areas for the different fragments as a percentage of the total are related to enzyme activity in Fig. 2(b) . It is apparent that proteolysis of the purified enzyme by trypsin requires relatively large amounts of the proteinase and is a slow process in comparison with activation of the enzyme in situ in microsomes ( Fig. 3) , where much less trypsin was needed per mg of protein and the processes of both activation and denaturation were faster. As is the case for Nethylmaleimide [6] , trypsin does not activate cytosolic glutathione transferase (results not shown).
In order to determine the tryptic cleavage sites correlated with the activation process, the purified enzyme was digested to give maximal activation, using trypsin bound to agarose beads. The amino acid sequence of the enzyme was subsequent-ly analysed by liquidphase-sequencer degradation. Two sequences starting after Lys-4 and Lys-41 were detected in approximately equal amounts (Table 1 Lysine-specific proteinase also activates the enzyme and generates the same gel-electrophoretic pattern (except for an additional smaller fragment) (Fig. 5) , demonstrating that the cleavages that correlate with activation follow lysine residues. Cleavage at the C-terminal region of the enzyme by trypsin or lysine-specific proteinase is not likely, because there is no lysine residue closer to the C-terminus than at position 67 [5] . The content of C-terminal amino acids was determined after activation with insoluble tr-ypsin (Table 2) . Although the Fig. 6b) (Fig. 4) (Fig. 2) . We have earlier noted that large portions of this enzyme are insensitive to trypsin, even under optimal conditions for cleavage of the denatured enzyme used to generate peptides for amino acid sequence analysis [4] .
The enzyme both in situ in microsomes and in purified form is activated by trypsin, although the latter requires more proteinase and longer incubation times. This might reflect a protective effect of GSH, which is present in purified enzyme preparations to enhance their stability. It is also conceivable that activation of the activity in microsomes proceeds through some other mechanism (i.e. destruction of an inhibitor). However, observations from immunoblotting experiments reveal that activation is accompanied by cleavage of the enzyme in microsomes also (results not shown). The degree of activation is greater for the purified enzyme than for the microsomal activity. This is consistent with the fact that cytosolic glutathione transferase activity associated with microsomes increases the background activity in this preparation [16] .
The activation of microsomal glutathione transferase by trypsin and N-ethylmaleimide seems to be highly similar for the following reasons: (1) the effects are not additive, i.e., trypsin treatment does not further activate the enzyme that has been maximally activated by Nethylmaleimide; and (2) the kinetic parameters of the enzyme change in the same manner in both cases. We have also noted similar changes in the sensitivity of the enzyme, to certain inhibitors after activation with trypsin or N-ethylmaleimide (E. Mosialou & R. Morgenstern, unpublished work).
It is clear that at least the N-ethylmaleimide-modified enzyme can retain full activity after total cleavage at Lys-41. For the unmodified enzyme the situation is less clear, but the evidence favours the conclusion that both trypsin cleavage sites can bring about activation. The question arises whether the cleavages cause the smaller peptides generated to dissociate from the enzyme or whether they [18] and phorone [19] . The time periods required are relatively short, i.e., too short to allow induction. Therefore the possibility of activation involving proteolysis as an 'in vivo' defence against exposure to xenobiotics requires further study.
